Quantum spin liquids (QSLs) represent a novel state of matter in which quantum fluctuations prevent conventional magnetic order from being established, and the spins remain disordered even at zero temperature. There have been many theoretical developments proposing various QSL states.
I. INTRODUCTION
Generally, a system tends to lower its symmetry to be in the low-energy state. As a consequence, a magnetic material will break certain symmetry according to Landau's theorem, and the magnetic moments carrying by the electron spins will form an ordered pattern at low temperatures [1, 2] . Excitations associated with these ordered spins are conventional magnons with spin S = 1 (refs [3] [4] [5] [6] [7] [8] [9] ). However, in systems with small spin and strong quantum fluctuations, such a conventional order can be avoided, leading to a quantum-spin-"liquid" (QSL) state [10] . Now, it is known that geometrical frustration, a situation where the antiferromagnetic Heisenberg exchange interactions cannot be satisfied simultaneously among different sites in triangular [ Fig. 1(a) ] or kagomé lattice [ Fig. 1(b) ], can result in strong quantum fluctuations [11] [12] [13] . In 1973, Anderson proposed the resonant-valence-bond (RVB) model on the triangular lattice for the QSL state. It is a superposition of all possible configurations of the singlets formed by any of the two strongly interacting spins [14] [15] [16] [17] . The elementary excitations in QSLs are fractionalized quasiparticles, e.g., charge-free S = 1/2 spinons, fundamentally different from conventional magnons [14] [15] [16] [17] . Here, H is the Hamiltonian, and K x,y,z are the nearest-neighbor Kitaev interactions of the x, y, and z bonds on the honeycomb lattice. QSLs defined by this model is termed the Kitaev QSL. Unlike QSLs arising from geometrical frustration, the Kitaev QSL results from bonddependent interactions that frustrate spin configurations on a single site [18] . Initially, Kitaev model was treated as a toy model since the anisotropic spin interactions are unrealistic in a spin-only system. Later, it was suggested that in Mott insulators with strong spin-orbital coupling (SOC), the anisotropic Kitaev interaction may be achievable due to the spatial anisotropy of the orbitals [19] . As such, our discussions on the QSL candidates will be based on two categories: geometrical-frustration-induced ones and Kitaev QSL candidates.
Besides the rich and exotic physics of QSLs, they also hold promising application potentials, for example, quantum computation via braiding the non-Abelian anyons in these materials [18, [20] [21] [22] [23] . Furthermore, understanding QSLs may help understand the mechanism of high-temperature superconductivity [24] [25] [26] [27] [28] . For these reasons, research on QSL has been surging in the past few decades. There have been many review articles summarizing the progress on QSLs already [11, 21, [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] . In this topical review, we will restrict our discussions to the measurements under magnetic fields only.
FIG. 1. Schematics of two-dimensional (a) triangular, (b) kagomé, and (c) honeycomb structures
where quantum spin liquids can be realized. Arrows and question marks represent spins and geometrical frustration, respectively. J is the Heisenberg exchange interaction, and K x,y,z are Kitaev interactions along three bonds.
In general, an external magnetic field can be detrimental to the QSL phase, as the field may induce symmetry breaking. Ultimately, when the field is strong enough, all the spins will be polarized and the moments will align with the field direction-the system is then a ferromagnet. But on the other hand, in the fully polarized state, one can extract the exchange interactions from the spin-wave excitation spectra obtained by inelastic neutron scattering (INS) measurements and understand the magnetic ground state in zero field. Investigating the magnetic excitations under fields with techniques such as nuclear magnetic resonance (NMR), muon spin relaxation (µSR), electron spin resonance, and terahertz spectroscopy also provides key information on the interactions underlying the exotic states of the QSL candidates. Furthermore, studying the field evolution of the thermal transport properties can also provide insights into the QSL physics. Finally, in available systems where the Kitaev physics is relevant, there are other non-Kitaev terms setting in at low temperatures, resulting in an ordered phase instead of the Kitaev QSL. In some of these materials, such as α-RuCl 3 , applying a magnetic field suppresses the non-Kitaev interactions and drives the system into a possible QSL state. In this article, we will summarize the results from these magnetic-field experiments on the i) Geometrically-frustrated systems, including triangular-lattice compounds YbMgGaO 4 and YbZnGaO 4 , κ-(BEDT-TTF) 2 Cu 2 (CN) 3 , and EtMe 3 Sb[Pd(dmit) 2 ] 2 , and kagomé system ZnCu 3 (OH) 6 Cl 2 ; ii) the Kitaev material α-RuCl 3 , which has been subject to intensive investigations by our and other groups recently. We first present experimental evidence for each of these materials, then make discussions based on these results, and raise several questions in the end.
II. GEOMETRICALLY-FRUSTRATED SYSTEMS

A. YbMgGaO 4 and YbZnGaO 4
YbMgGaO 4 with the quasi-two-dimensional triangular-lattice structure has been reported to be a promising QSL candidate recently [43] [44] [45] [46] [47] [48] [49] . It has a negative Curie-Weiss temperature of ∼ −4 K [43, 44] but does not show a long-range magnetic order down to 30 mK, indicating strong geometrical frustration [45, 46] . The magnetic specific heat under different fields for YbMgGaO 4 is shown in Fig. 2 (a) [43] . In zero field, there is a broad hump at 2.4 K, instead of a sharp λ-type peak expected for a well-defined phase transition. The magnetic specific heat is large at low temperatures, suggesting a gapless ground state. By applying magnetic fields up to 9 T, the system becomes a fully-polarized ferromagnetic state and opens a spin gap of ∼8.26 K [43, 46, 50] . YbZnGaO 4 , a compound isostructural to YbMgGaO 4 , shows very similar behaviors. In Fig. 2 (b) , the magnetic specific heat results of YbZnGaO 4 in zero and 9-T fields are shown. Similarly, the results indicate a gapless state in zero field, and a gapped state with a gap size of ∼6.18 K in a 9-T field [51] .
In zero field, the magnetic excitation spectra for both YbMgGaO 4 [45, 46] and YbZnGaO 4
[51] exhibit as a broad "continuum" in INS measurements, as shown in Fig. 3(a) [45] . Since QSLs are characterized by spin excitations carrying fractional quantum numbers, e.g., deconfined spinons, such observations of the continuum have been taken to be strong evidence for a QSL state in YbMgGaO 4 [45, 46] . Applying a magnetic field on the sample will force the magnetic moment to align with the field direction, which results in a ferromagnetic state in high fields. Paddison et al. [45] carried out INS measurements under a 7.8-T field applied along the c axis and observed the spin-wave spectra resulting from the ferromagnetic state as shown in Fig. 3 (b) . In addition, there are still broad and continuum-like excitations, which are believed to be due to the disorder effect. By fitting the spectra with an anisotropic and Ga 3+ in the nonmagnetic layers are randomly distributed [43, 44, 52] , the disorder effect, which is considered to be detrimental to the QSL phase, is severe [45, 48, 53] ; iii) Thermal conductivity (κ) results on both YbMgGaO 4 [50] and YbZnGaO 4 [51] as shown in Fig. 4 strongly challenge the idea of these materials being QSLs, as we discuss in the following.
As shown in Fig. 4 , in zero field, κ is only half of that of the nonmagnetic reference sample LuMgGaO 4 , in which only phonons contribute to κ. By fitting the zero-field data with LuMgGaO 4 reported in ref. [50] is also plotted. From ref. [51] .
excitations are present, κ is reduced-this explains the the reduction of κ as compared to that of LuMgGaO 4 [50, 51] . This is further manifested in the magnetic-field measurements:
in a field of 9 T that opens a gap of 8.26 and 6.18 K in YbMgGaO 4 [50] and YbZnGaO 4 [51] , respectively, there are almost no magnetic excitations to scatter phonons, so κ increases.
Therefore, a gapless QSL does not seem to be an applicable description for YbMgGaO 4 and YbZnGaO 4 , because their significant magnetic excitations, as evidenced by the large magnetic specific heat, should contribute to κ [55, 56] . These results, however, can be understood within a disordered-magnet picture, in which the mean-free path of the magnons is reduced with disorder, and they are not expected to conduct heat. We will discuss it further in Sec. IV.
Layered organic κ-(BEDT-TTF) 2 X are Mott insulators having two-dimensional triangular lattice as illustrated in Fig. 1(a) . Here, BEDT-TTF (ET) denotes the electron donating molecule and X represents a variety of anions with closed shells [57] [58] [59] . Among these, κ-(ET) 2 Cu 2 (CN) 3 is suggested to be a QSL [60] [61] [62] [63] . The temperature dependence of magnetic susceptibility features a broad peak which can be reproduced by the triangular-lattice
Heisenberg model with an exchange interaction of J ∼ 250 K [60] . The NMR spectra show neither a distinct broadening nor splitting down to 32 mK, suggesting the absence of magnetic order down to the temperature of 4 orders of magnitude lower than J [64] . A µSR experiment also confirms this conclusion [65] .
In Fig. 5 (a), temperature dependences of the specific heat for κ-(ET) 2 Cu 2 (CN) 3 under various fields are shown together with those of other ET salts [66] . No discernible field effect is observed. From a linear extrapolation of the data in Fig. 5 (a) down to zero temperature, a linearly temperature-dependent term, i.e., the electronic coefficient γ in
is determined to be a finite value of 20 ± 5 mJ K −2 mol −1 , indicating the presence of gapless magnetic excitations in κ-(ET) 2 Cu 2 (CN) 3 at zero temperature [66] . This result is consistent with Anderson's proposal for the spin-liquid state in two-dimensional materials with the triangular-lattice structure [14] . For other ET salts shown in Fig. 5 (a), γ is zero as expected for nonmagnetic insulators. The γ term is considered to be proportional to the spinon density of states, almost field independent [66] .
Thermal conductivity measurements can provide key information on the elementary excitations from the magnetic ground state in a QSL candidate, as κ is sensitive to itinerant excitations such as the spinons. In Fig. 5 
The κ/T has a extremely small value and tends to vanish as temperature decreases to zero.
It should be stressed that the vanishing value of κ/T at T = 0 immediately indicates the absence of low-lying fermionic excitations [67] , in sharp contrast to the specific heat data suggesting the presence of gapless excitations in ref. [66] . Moreover, the behavior under a magnetic field up to 10 T perpendicular to the basal plane shows a nearly parallel and small shift from that under zero field. As the zero-field data, the 10-T results also suggest the absence of magnetic excitations at low temperatures. The obvious contradiction of the specific heat and thermal conductivity results leaves the nature of the magnetic ground state of κ-(ET) 2 Cu 2 (CN) 3 an open question, which will be discussed further in Sec. IV.
family, a layered system composed of insulating A and conducting Pd(dmit) 2 layers. Here,
Me=CH 3 , Z = N, P, As, and x = 0, 1, 2), and dmit is a 1,3-dithiole-2-thione-4,5-dithiolate [68, 69] . Spins are on the two-dimensional triangular lattice formed by the Pd(dmit) 2 molecules.
Although the magnetic susceptibility shows a broad peak around 50 K, no anomaly indicative of magnetic order is observed down to 2 K [29, 68] . 13 C NMR measurements down to 20 mK also indicate the absence of long-range magnetic order at this temperature [70] . Fig. 6(b) . The finite electronic specific heat coefficient γ = 19.9 mJ K −2 mol −1 suggests the presence of gapless excitations at zero temperature [71] . The value of γ is almost field independent, consistent with the presence of a spinon Fermi surface [71] . On the other hand, the non-QSL candidates have γ that is effectively zero.
In Fig. 7(a [54] . The presence of large residual κ xx is also confirmed in the inset of a mean-free path l of ∼1000 times of the spin-spin distance [54] . Remarkably, this is a rare example where thermal conductivity measurements show a finite κ xx /T at zero temperature.
The results indicate the presence of gapless magnetic excitations consistent with the specific heat data [71] .
The magnetic-field dependence of κ xx is shown in Fig. 7 (b) [54] . At the lowest temperature, κ xx (H) under low fields is insensitive to the magnetic field strength µ 0 H but displays a steep increase above a characteristic magnetic field of 2 T. This behavior is less profound with increasing temperature. At 1 K, κ xx becomes linear. The observed field dependence is interpreted as the presence of spin-gap-like excitations at low temperatures, along with the gapless excitations inferred from the residual κ xx /T and finite γ [54, 71] . The gap behavior is also suggested from the zero-field thermal conductivity measurement where κ xx /T vs. T shows a broad peak at ∼1 K [54] . [74] . Geometrical frustration on such a structurally perfect kagomé lattice is expected to be strong and many interesting phenomena may emerge [35, 75] . Because large-size single crystals are available for this material [76] , it has been heavily studied by various experimental techniques. Previous measurement results [77] [78] [79] of polycrystalline Herbertsmithite suggest that there is no static magnetic order nor spin freezing down to 50 mK despite the large Curie-Weiss temperature of -314 K [74] . Specific heat shows no sharp λ-type peak down to ∼100 mK [77] . When applying a magnetic field to the sample, the specific heat is changed rapidly as shown in Fig. 8 (ref. [77] ). Under a 14-T field, the low-temperature specific heat is largely reduced, because magnetic excitations are gapped, leaving only phonons contributing to the specific heat. On the other hand, at high temperatures where phonons dominate the specific heat, there is hardly any field effect. The availability of large single crystals of Herbertsmithite [76] makes it possible to carry out INS measurements, which reveal a broad continuum expected for a QSL state [82] . The INS results show no spin gap down to 0.25 meV. However, previous calculation results by density matrix renormalizaton group indicate that the ground state of the Heisenberg model on a kagomé lattice is a fully gapped QSL [83] . To understand the magnetic ground state of Herbertsmithite, Asaba et al. [84] performed magnetization measurements on a single crystal using torque magnetometry with an intense magnetic field up to 31 T. Based on the observation that the effective magnetic susceptibility under high fields is independent of the temperature within the low-temperature range between 20 mK and 5 K, they considered the ground state to be gapless, consistent with the INS results [82] .
However, as shown in Fig. 9(a) , NMR measurements on single crystals of Herbertsmithite reveal a finite gap value 0.86 ± 0.26 meV by extrapolating the fitted values of gap to zero field [80] . This value is close to a later INS measurement which identifies a spin gap of 0.7 meV by modeling the momentum-integrated data as the sum of the contributions from a damped harmonic oscillator and the gapped excitations [85] . We note that a more recent calculation employing the tensor network shows that the ground state is a gapless QSL [86] .
Concerning the nature of the ground state for this kagomé compound, it turns out that no 13 consensus has been reached so far.
Moreover, NMR measurements on polycrystalline samples identify a quantum critical point at a critical field B c of 1.53 T, at which the system is believed to evolve from a spin liquid to a solid, as illustrated in Fig. 9(b) [81] . The high-field, low-temperature spin-solid state is featured by frozen spins with slow relaxations. As shown in the inset of Fig. 9(b) , the gap size in the spin-solid state is roughly proportional to the critical temperature T c [81] .
III. KITAEV MATERIALS-α-RuCl 3
Different from aforementioned QSL candidates which have either triangular or kagomé lattice where antiferromagnetic exchange interactions are geometrically frustrated, the Kitaev QSL has honeycomb lattice where the frustration on a single site arises from the bonddependent spin anisotropy [18] . [91] [92] [93] [94] [95] . These materials have the honeycomb lattice as shown in Fig. 1(c) . Due to the combination of the cubic crystal electric field, strong SOC, and electronic correlations, the ground state is Krammers doublets with an effective spin of 1/2 (refs [96] [97] [98] ). Furthermore, because of the strong SOC, the effective spin is expected to be anisotropic due to the spatial anisotropy of the 5d orbitals of Ir 4+ . Therefore, the bond-dependent anisotropic Kitaev interaction may be realized on the honeycomb lattice [18] . However, it is found that they are not QSLs By analyzing the INS spectra, magnetic interactions governing the ground state can be extracted. In Fig. 10(a) , we show the spin-wave excitation spectra resulting from the zigzag order state [115] . Instead of using the widely considered Heisenberg-Kitaev (H-K) model [19, 87] to fit the spectra, a K-Γ effective-spin model is used, where K and Γ represent Kitaev and off-diagonal exchange interactions, respectively. This minimal model describing the ground state of α-RuCl 3 is first proposed by Wang et al. in ref. [120] . They recognize the importance of the off-diagonal interactions, but on the other hand, they find that the Heisenberg interactions are at least an order of magnitude smaller than either K or Γ in the parameter range relevant to this material. Fits to the INS spectra with this model yield a ferromagnetic K of -6.8 meV and a Γ of 9.5 meV [115] , very close to the calculated results of K = −5.5 meV and Γ = 7.6 meV reported in ref. [120] . These results unambiguously demonstrate that the Kitaev interaction is large and exists in real material.
As mentioned above, the ground state of α-RuCl 3 is the zigzag order state instead of a Kitaev QSL. Nevertheless, the magnetic order is rather fragile, with an ordered moment of ∼0.4µ B and an ordering temperature of ∼8 K [103] [104] [105] [106] [107] [108] 115] . Such a fragile order can be fully suppressed by either an in-plane magnetic field [106, 121, 122] or pressure [123] . How and the long-sought Kitaev QSL? To answer these questions, measurements utilizing various experimental techniques have been carried out [106, 121, 122, [124] [125] [126] [127] [128] [129] [130] [131] [132] [133] . Some of these results are discussed as following.
By following the magnetic-field dependence of the magnetization and specific heat, it is found that the zigzag order is gradually suppressed, and the system becomes a magnetically disordered state at ∼7.5 T [124] , consistent with earlier reports on the field effect [106, 121, 122] . NMR spectra on high-quality single crystals also indicate that there is a quantum critical point at B c ∼7.5 T [124] . Above B c , the spin-lattice relaxation rate 1/T 1 of 35 Cl shows a power-law behavior as 1/T 1 ∼ T α . In a field range between 8 and 16 T, α ≈ 3, suggesting a field-induced QSL featuring Dirac nodal-like spin excitations. A phase diagram summarizing these results is shown in Fig. 11(a) . Intensive research on the high-field state utilizing various techniques such as magnetization [106, 121, 122, 124, 132, 135] , specific heat [106, 124-126, 134, 135] , magnetodielectric [128] , neutron diffraction [122, 126, 132] , NMR [124, 134] and electron spin resonance [131] , has resulted in many somewhat similar phase diagrams, some of which are shown in Fig. 11 . On one hand, these phase diagrams all show that the zigzag magnetic order is gradually suppressed by an in-plane magnetic field, and the system reaches a quantum critical point around B c ≈ 7.5 T. Furthermore, accumulating evidence suggests that the high-field disordered state above B c is a QSL. In particular, Banerjee et al. have carried out INS measurements to examine the magnetic-field evolution of the magnetic excitations, and some of the results are shown in Fig. 12 [132] . They find that the spin-wave excitations associated with the zigzag order near the M point is suppressed with the field. As shown in Fig. 12(e) , above B c , at µ 0 H = 8 T, excitations near the M point are completely gone, and only exci-tations near the Γ point remain, similar to the results under zero field above the ordering temperature, as shown in Fig. 12(f) . By comparing with calculations, they suggest that the excitations under high fields resemble those of a Kitaev QSL [132] . On the other hand, the nature of the field-induced QSL phase, in particular, whether the low-energy magnetic excitations associated with this state are finite [124, 127] or fully gapped [125, 126, [130] [131] [132] 134] , is still under debate. To resolve this issue, Yu et al. [135] have performed ultralow-temperature thermal conductivity measurements down to 80 mK under magnetic fields, and the results are summarized in Fig. 13 . As shown in Fig. 13(a) , κ/T increases with field and then decreases to a minimum at the critical field B c . Above B c , κ/T increases with field again. These results clearly show that there is a quantum critical point at B c , consistent with other works [124-127, 130, 131, 134] . By examining the residual κ at zero temperature, it is found that κ 0 is effectively zero in the whole field range probed [ Fig. 13(b) ].
In the low-field range below B c , there is a spin-anisotropy gap about 2 meV associated with the zigzag order [114, 115, 132] . Therefore, absence of the thermal conductivity at zero temperature is expected. If the high-field state is also fully gapped as suggested in refs [125, 126, [130] [131] [132] 134] , these thermal conductivity results are easily explainable. However, as shown in Fig. 11(a) , a gapless QSL state near B c is suggested [124] . We here provide one possible solution to reconcile this discrepancy. According to the report, this gapless state is in fact featured by Dirac-like excitations with gap nodes in the momentum space [124] .
In this case, the magnetic density of states, represented as C m in κ = 1/3C m v F l is small.
At present, the estimated magnetic specific heat C m has big uncertainties due to the lack of proper reference sample to subtract the phonon contributions [106, 124-126, 134, 135] . If the real C m is small, then the gapless state with nodal excitations proposed in ref. [124] can also be consistent with the thermal conductivity results [135] .
IV. DISCUSSIONS
As partially reflected from the discussions above, research on the QSL candidates has been quite dynamics. A lot of progress has been made already in recent years. However, it still lacks an ideal QSL candidate so far. Quite often, the spin-"liquid" behavior may have some other origins than quantum fluctuations. Below, we will show some examples.
There is accumulating evidence suggesting YbMgGaO 4 to be a promising candidate as a gapless QSL [43] [44] [45] [46] [47] [48] [49] . However, the report of no positive contributions from the magnetic excitations to the thermal conductivity is difficult to be reconciled with the gapless QSL picture [50] . One possibility is that the severe disorder effect caused by the random mixing of Mg 2+ and Ga 3+ makes the otherwise itinerant spinons localized and thus not conduct heat [43, 44, 48, 50, 52] . However, the disorder is considered to be detrimental to the QSL phase for this compound [53] . Ma et al. Dashed lines indicate the Curie-Weiss fits for the 100-Hz data. From ref. [51] .
consider disorder and frustration to give rise to the spin-glass phase.
However, a µSR study on YbMgGaO 4 [47] shows that there is no signature of spin freezing down to 0.07 K, which is already below the T f reported in the a.c. susceptibility measurements [51] . One possible origin of this discrepancy is that these two techniques cover different time scales: the former and latter probes are sensitive to fluctuations with frequencies larger and smaller than 10 4 Hz, respectively [143] . Furthermore, as estimated from the INS results, the portions of the spectral weight in the elastic channel over the total weight, are 16% and 13% for YbMgGaO 4 and YbZnGaO 4 , respectively [45, 51] . These roughly represent the portions of moments that have been frozen. All these together may cause difficulties to detect the spin freezing by µSR.
Another important feature for a spin glass is that in the d. For QSL candidates, frustration is strong. In the presence of strong disorder, the spinglass phase is often observed, as disorder and frustration are two important ingredients for a spin glass [136] [137] [138] 156] . A spin glass mimics a QSL in many aspects-it maintains shortrange spin-spin correlations, so in the susceptibility, specific heat, and neutron diffraction measurements, it lacks the signature of a long-range magnetic order; moreover, as demonstrated in ref. [51] , a spin-glass phase can also produce the continuous INS spectra, which is arguably the strongest evidence for a QSL so far. Therefore, in the quest for QSLs, the spin-glass phase which can give rise to spin-liquid-like features must be excluded first before labeling the candidate as a QSL.
Based on discussions above, we now give several perspectives:
• Although great progress has been made in theory [11, 21, [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] , it still lacks a proposal for the defining feature of a QSL that can be detected directly from experiments. At present, observations of the continuous magnetic excitation spectra in INS measurements have often been taken to be the most reliable evidence for a QSL [45, 46, 82] . However, this is a necessary but not sufficient evidence for the fractionalized excitations [51] . A feasible direct proposal to identify a QSL should greatly boost this field.
• As we discuss above, there appear to be no ideal QSLs so far. has been suggested to be a Kitaev QSL [157] .
• According to Anderson's proposal, high-temperature superconductivity can emerge from QSLs [25] [26] [27] . There have been some successes in making QSL candidates superconducting by applying pressures to some organic compounds [33, 61, 69, 158, 159] .
However, another more common route to achieve superconductivity-via chemical doping, has not been successful so far [160] . Is it because there is no ideal QSL candidate so far? Will chemical doping an ideal QSL eventually lead to high-temperature superconductivity as predicted? In this aspect, recent advances in doping using electric-field gating may offer some assistance [161] [162] [163] [164] [165] [166] .
V. SUMMARY
To summarize, we review recent progress on QSLs, especially on the magnetic-field measurements on several QSL candidates, including the geometrically-frustrated trian- promising candidates for QSLs, there are also some evidences that may be used to argue against the QSL picture. As such, we provide several perspectives hoping to stimulate further investigations. We anticipate that continuous efforts will be paid off by the discovery of more fascinating physics and ideal candidate materials.
Before ending this review, we note that there are many other materials that have been proposed to be QSLs. We list a few examples below:
• Na 4 Ir 3 O 8 is a widely studied QSL candidate with the hyperkagomé lattice [167] [168] [169] [170] .
In the initial report [167] that suggested it to a QSL, spin freezing indicative of a spin-glass phase at T f = 6 K was observed. The frozen moments were estimated to be less than 10% of the total moments and were thus ignored. Later on, both µSR [169] and NMR measurements [171] showed that the spins are frozen and maintain short-range correlations in the ground state.
• Kagomé compounds ZnCu 3 (OH) 6 SO 4 [172] and Zn-substituted barlowite Cu 3 Zn(OH) 6 FBr [173, 174] , and a hyperkagomé material PbCuTe 2 O 6 [175, 176] . In Cu 3 Zn(OH) 6 FBr, it has been shown that the magnetic field dependence of the gap extracted from the NMR data is consistent with that given by fractionalized spin-1/2 spinon excitations [173] .
• A triangular spin-1 material Ba 3 NiSb 2 O 9 [177] .
• Ca 10 Cr 7 O 28 , a system with complex structure, and more interestingly, with ferromagnetic interactions [178] [179] [180] . In this compound, although Balz et al. found that there is no static magnetic order in the µSR measurements, they observed frequency dependent peaks in the a.c. susceptibility, which is characteristic of a spin glass [178] .
However, they argued that the spin-glass phase could be ruled out by doing the ColeCole analysis for the a.c. susceptibility data [178] .
• Very recently, a protypical charge-density-wave compound 1T-TaS 2 with the Davidstar structure has attracted a lot of attention due the possibility of realizing the QSL state [181] [182] [183] [184] [185] .
In this review, we do not discuss these materials in details due to the limited space. Readers who are interested in them can refer to the above references and the references therein.
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